OBJECTIVES: There are many recent and minimally invasive surgical innovations, yet there has been little evaluation of the limitations of such techniques, particularly those related to video-assisted thoracoscopic surgery. The aims of this study were to determine the usefulness and limitations of video-assisted thoracoscopic surgery using one-port access and needle scope and to evaluate the feasibility of this procedure based on our institutional experience.
INTRODUCTION
In surgery for lung and mediastinal lesion resection, the most popular approach is three-port video-assisted thoracoscopic surgery (VATS) with left-hand pulling, right-hand manipulation or cutting and thoracoscopic observation. The method of minimally invasive surgery is accomplished by reducing the number of incisions or their lengths. Such techniques include reduced port surgery, two-port access [1] [2] [3] [4] , uniportal incision [5, 6] , singleincision [7] [8] [9] , single-site VATS, needlescopic VATS [10] [11] [12] [13] [14] , microinvasive VATS [15] and microthoracoscopic VATS [16] . Recently, there have been many newly developed minimally invasive surgical techniques. However, there have been no reports describing the limitations and indications for each procedure. Our standard approach for major surgery in lung and mediastinal disease is VATS with the two-window method (TWM). In the TWM, 2-3 cm incisions are made on the postero-lateral incision line. One window is for the operator and the other is for the thoracoscope and assistance. At our institute, 79% of cases undergoing lung cancer surgery used the TWM. On the other hand, in benign disease or wedge resection for malignant disease, we developed and used VATS with the one-window and puncture method (1WPM), using 2-3 cm single incisions and a needle scope for intrathoracic access from other points. This study describes the details and usefulness of the 1WPM. We also evaluated the feasibility and limitations of this procedure.
MATERIALS AND METHODS
This retrospective study involved 127 subjects who underwent VATS using 1WPM at our centre from 1997 to 2011. Written informed consent was obtained from all patients before the operation. Patients receiving exploratory VATS were excluded. Details of the 100 patients who underwent surgical treatment (ST) and the 27 subjects who underwent diagnostic procedures (DPs) are provided in Table 1 .
Patients meeting the following indications were prospectively selected for 1WPM: the presence of only one lesion; resection from one direction was possible; mild adhesion and not requiring lymph node dissection. When it was difficult to perform surgery by 1WPM, we decided to perform conventional TWM instead, according to the standard approach in our institute, or standard thoracotomy. To examine whether the provisional indications for 1WPM were appropriate, we compared background factors including age, sex, laterality of surgery, surgery objective, target, location and operative procedure between the subjects successfully treated by 1WPM VATS (success group) and those who ultimately required conversion to conventional VATS or standard thoracotomy (conversion group).
For lung surgery, a lateral position was typically used, whereas for mediastinal surgery, the position was selected by the difference in location or focus [3] . The semi-supine position was used for patients with anterior mediastinal tumours, and the lateral position was used for middle and posterior mediastinal tumours. Surgery was performed under general anaesthesia using the one-lung ventilation method. The initial 2-4 cm incision was made at the anterior-midaxillary line of the fifth or sixth intercostal space, on the expected line by standard thoracotomy (Supplementary Video 1) . The thoracotomy did not require a rib retractor, but instead used an Alexis wound retractor XS™ (Applied Medical, Rancho Santa Margarita, CA, USA) or LAPPROTECTOR™ mini-mini (Hakko medical, Tokyo, Japan). A 5-mm diameter 30°r igid scope (Olympus Medical Science, Tokyo, Japan) was introduced for intrathoracic observation and to confirm the indications for 1WPM. Patients meeting the above provisional indications underwent VATS using 1WPM with additional puncture for the needle scope. Patients who did not meet the criteria for 1WPM at this stage underwent conventional TWM and were not included in this study. The needle scope was initially inserted from the same expected line by standard thoracotomy, but changes in the puncture point could be made if needed. Surgical manoeuvres were performed from one port, and were occasionally assisted by the pulling method using silk or needle forceps through the other punctures (i.e. the marionette method). The resected specimen was placed in a plastic bag and extracted from same port without the need for any additional incision (Supplementary Video 2). After confirming the absence of air leakage using a sealing test, a 12-20 Fr drainage tube was inserted to complete the surgery.
Age, sex, surgical method, surgical time, intraoperative blood loss, length of hospital stay and outcomes were obtained from the hospital database and medical records. JMP 9.0.2 software (SAS Institute, Inc., NC, USA) was used for statistical analysis. All data are presented as data range (median). Differences between groups with continuous variables were assessed by χ 2 or Fisher's exact test. Statistical significance was considered to be P < 0.05.
RESULTS
Surgical treatment (ST) was performed in 100 cases in the operation group, whereas diagnostic procedures (DP) were performed for 27 cases in the DP group. Lung lesions were found in 111 cases, involving all the lobes. There were 94 cases of wedge resection, 6 of lung lobectomy and 16 of mediastinal disease (involving the anterior, medial and posterior mediastinum) ( Table 1) .
The median operation time was 191 min (range: 142-204 min) for lobectomy, 72 min (range: 32-258 min) for wedge resection and 105.5 min (range: 75-322 min) for mediastinal surgery. The median duration of drainage was 1 day (range: 0-7 days) for all procedures. Supplementary Video 1. Positioning of the window and punctures for needlescope. The first port was placed on the expected line of postero-lateral thoracotomy (dots on skin). The puncture of needle scope can be performed at any portion of the intercostal space without leaving a scar. The resected specimen was placed in a plastic bag and extracted from window without the need for any additional incision.
The 1WPM was completed in 115 cases (91%). Twelve cases (9%) required conversion to TWM or thoracotomy, including 8 with lung lesions and 4 with mediastinal lesions; these included 10 cases (10%) in the ST group and 2 (7%) in the DP group. Compared with patients with lesions involving the lung, those with mediastinal lesions had a higher tendency to conversion (P = 0.0229). However, age (P = 0.8918), sex (P = 0.4637), laterality of surgery (P = 0.3452) and purpose of surgery (P = 0.6828) did not show any significant differences between the groups. When lung and mediastinal lesions were analysed separately, no significant differences were found in surgery location or method ( Table 2) .
The causes for conversion are given in Table 3 . Seven of 12 patients deviated from the provisional indication due to severe adhesion or not being able to use the one-direction approach due to extended lesions. Two of 12 patients required additional bronchoplasty or lymph node dissection. In 3 patients, unexpected conversion was related to obesity and the presence of a small thoracic cavity that makes the procedure extremely difficult.
Vascular injury to the pulmonary artery occurred in 1 patient during wedge resection, which required conversion to TWM and was successfully sutured. Intraoperative blood loss for this patient was 200 ml and the surgery took 109 min, but transfusion was not needed and there were no other complications. A patient with diffuse lung disease died after undergoing diagnostic VATS due to rapid deterioration of interstitial pneumonia that occurred before the surgery. No other patients developed any major complications.
DISCUSSION
The VATS procedure has been performed conventionally using three or more ports. The decreased number and reduced length of skin incisions resulting from the minimally invasive VATS procedure can be attributed to two factors. In 1996, Iwasaki et al. first reported VATS lobectomy using two small incisions [1, 2] . They further extended this indication to mediastinal diseases [3] and elderly patients [4] . Furthermore, single-incisional wedge resection [5, 6] and lobectomy for lung cancer [7, 8] have been reported. Studies involving simple needlescopic VATS procedures, including palmar hyperhidrosis [9, 10] , spontaneous pneumothorax [11, 12] and lung biopsy [13] , have also been reported. In 2009, Iwazaki et al. reported the single-port using needlescopic procedure for lobectomy for lung cancer [7] . Our method in this study is similar to their procedure. We further extended this indication to different diseases or age.
There have also been studies comparing single-port laparoscopic surgery and needlescopic laparoscopic surgery [14, 15] . These studies found that, although single-port surgery requires a longer duration, there is no further benefit regarding postoperative pain in single-port surgery compared with needlescopic surgery. In laparoscopic surgery, single incisions using the umbilical orifice are cosmetically appealing. However, because the thorax does not have a structure equivalent to an umbilical orifice, the usefulness of single-port laparoscopic surgery does not apply to VATS. One of the important limitations of VATS is postoperative intercostal neuralgia, which is not observed in laparoscopic surgery. We opted for needlescopic VATS to avoid the possible development of neuralgia caused by compression of the intercostal nerve due to the insertion of the thick thoracoscope. Needlescopic surgery results in less postoperative pain [16] and causes less residual neuralgia [17] compared with the conventional approach. In addition, single-incision surgery yields a higher satisfaction rate compared with the conventional method [17, 18] . The needle scope is advantageous because it hardly leaves a scar, and thus, it allows the puncture of any portion of the intercostal space. The needle scope may have a better usability for VATS compared with that with laparoscopic surgery as it has limited scope for movement due to the narrow intercostal space. In addition, the needle scope does not injure the intercostal nerve. It may be useful, particularly in women with narrow intercostal spaces and in children. However, the needle scope has limitations related to Supplementary Video 2. Eight-month old child, right lower lobectomy by one-window and punctures method for congenital cystic adenomatous malformation. its narrow field of view and poor image brightness. Problems with brightness and low resolution can be solved by bringing the scope closer to the subject; however, the narrow field of view cannot be resolved. Therefore, it is necessary to be careful about injury to non-visible neighbouring structures.
In the current study, we used a more complicated needlescopic procedure for lung and mediastinal surgery. Complicated procedures, such as lobectomy [7, 8] , pneumonectomy [18] and mediastinal surgery [19] , have also been reported using single-incision VATS. However, indications and limitations of these procedures remain unclear because these papers are case reports particularly involving cases of malignant diseases with lymph node dissection. Moreover, it is unclear whether these procedures can be applied to every lobe of the lung.
With lung resection, the one-window system facilitates the use of a surgical approach to all lobes in patients who fulfil the provisional indication. We used simple procedures, such as wedge resection, in almost all cases. Indeed, the 5 successful cases of lung lobectomy (2 of the middle lobe and 3 of the lower lobe) were successfully achieved with 1WPM. Benign diseases requiring lobectomy due to a deeply located focus or limited surgery for malignant disease without lymph node dissection are candidates for lobectomy by 1WPM. Only 7% of lobectomy patients met these criteria. This procedure is minimally invasive and cosmetically useful in children and women; however, because the sample size of this study was limited, the feasibility of lobectomy by 1WPM for all anatomical variations needs to be confirmed. Gonzalez et al. [20] have described, in detail, the lobectomy procedure using uniportal VATS. This report is very helpful and serves to extend the indications for reduced port VATS.
New minimally invasive surgical methods and equipment are evaluated based on a pain scale and postoperative respiratory function. However, there is no method for comparing the indications and limitations of new surgical methods. Some studies describe the conversion rate (0−20% for wedge resection [5, [11] [12] [13] and 13−40% for lobectomy [8, 21] by single- [5, 8] or doubleincision [21] or needlescopic VATS [11] [12] [13] ) to the conventional procedure or the standard thoracotomy; in this study, 9.4% of cases were converted to the conventional VATS or standard thoracotomy; 2 cases were converted to standard thoracotomy, whereas the other converted cases underwent VATS by the twowindow method.
This study is limited by its retrospective design and absence of comparative subjects. In addition, we were not able to compare the different surgery methods under the same conditions.
In conclusion, for patients with lung and mediastinal diseases, 1WMP VATS can be performed appropriately in selected cases. The conversion rate to conventional VATS or standard thoracotomy is found to be 9.4%. Since the positioning of skin incisions for 1WPM was on the expected line of standard thoracotomy, the procedure could be safely, easily, and immediately converted to thoracotomy by extending the incision. Therefore, this procedure is suitable for patients with selective indications. 
